We have recently completed a 64-night spectroscopic monitoring campaign at the Lick Observatory 3-m Shane telescope with the aim of measuring the masses of the black holes in 12 nearby (z < 0.05) Seyfert 1 galaxies with expected masses in the range ∼ 10 6 -10 7 M ⊙ and also the well-studied nearby active galactic nucleus (AGN) NGC 5548. Nine of the objects in the sample (including NGC 5548) showed optical variability of sufficient strength during the monitoring campaign to allow for a time lag to be measured between the continuum fluctuations and the response to these fluctuations in the broad Hβ emission. We present here the light curves for all the objects in this sample and the subsequent Hβ time lags for the nine objects where these measurements were possible. The Hβ lag time is directly related to the size of the broad-line region in AGNs, and by combining the Hβ lag time with the measured width of the Hβ emission line in the variable part of the spectrum, we determine the virial mass of the central supermassive black hole in these nine AGNs. The absolute calibration of the black hole masses is based on the normalization derived by Onken et al., which brings the masses determined by reverberation mapping into agreement with the local M BH − σ ⋆ relationship for quiescent galaxies. We also examine the time lag response as a function of velocity across the Hβ line profile for six of the AGNs. The analysis of four leads to rather ambiguous results with relatively flat time lags as a function of velocity. However, SBS 1116+583A exhibits a symmetric time lag response around the line center reminiscent of simple models for circularly orbiting broad-line region (BLR) clouds, and Arp 151 shows an asymmetric profile that is most easily explained by a simple gravitational infall model. Further investigation will be necessary to fully understand the constraints placed on physical models of the BLR by the velocityresolved response in these objects.
INTRODUCTION
Active galactic nuclei (AGNs) have long been known to vary in luminosity on timescales of years to months or even days (Matthews & Sandage 1963; Smith & Hoffleit 1963) . Variability has played a central role in AGN studies. Combining the physical size constraints set by rapid variability with the high luminosities of AGNs led to the original argument that AGNs are powered by accretion onto supermassive black holes (Zel'dovich & Novikov 1964; Salpeter 1964) . Variability is used as a reliable method for detecting AGNs in surveys (e.g., van den Bergh et al. 1973; Heckman 1976; Véron & Hawkins 1995) , and it is the fundamental basis upon which rests the technique of measuring black hole masses known as reverberation mapping (Blandford & McKee 1982; Peterson 1993) .
Reverberation mapping is the most successful method employed for measuring the mass of the central black hole in broad emission line AGNs. Rather than relying on spatially resolved observations, as do most studies of black holes in nearby quiescent galaxies, reverberation mapping resolves the influence of the black hole in the time domain through spectroscopic monitoring of the continuum flux variability and the delayed response, or "echo," in the broad emission line flux. The time lag between these changes, τ , depends on the lighttravel time across the broad-line region (BLR) and is on the order of light days for nearby Seyfert galaxies, corresponding to spatial scales of ∼ 0.001 pc. Combining the radius of the BLR, cτ , with the velocity width, v, of the broad emission line gives the virial mass of the central black hole via the simple gravitational relation M = cτ v 2 /G (neglecting a factor of order unity).
To date, successful reverberation-mapping studies have been carried out for approximately 36 active galaxies (compiled by Peterson et al. 2004 Peterson et al. , 2005 with additions by Bentz et al. 2006b; Denney et al. 2006; Bentz et al. 2007; Grier et al. 2008, and Denney et al. 2009 ). One of the most important results to come from reverberation mapping is the detection of a correlation between the BLR radius and the luminosity of the AGN, the R BLR -L relationship (Koratkar & Gaskell 1991; Kaspi et al. 2000 Kaspi et al. , 2005 Bentz et al. 2006a Bentz et al. , 2009a . Combining the R BLR -L relationship with the simple virial mass equation results in an extremely powerful tool for estimating black hole masses in broad-lined AGNs from a single epoch of spectroscopy and two simple spectral measurements: the velocity width of a broad emission line, and the continuum luminosity as a proxy for the radius of the BLR. The R BLR -L relationship is therefore fundamental to all secondary techniques used to estimate black hole masses in AGNs (e.g., Laor 1998; Wandel et al. 1999; McLure & Jarvis 2002; , and as such, current studies of black holes in AGNs rest upon the calibration provided by the reverberation mapping sample (e.g., Onken et al. 2004; Collin et al. 2006; McGill et al. 2008) .
The vast majority of reverberation experiments have investigated black holes with masses in the range 10 7 -10 9 M ⊙ . Studies of lower-mass black holes have largely been restricted by the lower luminosities associated with smaller AGNs, and the few studies that have been carried out have large measurement uncertainties. It is particularly important to have the correct calibration for AGNs in the mass range of 10 6 -10 7 M ⊙ , as they are at the peak of the local black hole mass distribution function (e.g., Greene & Ho 2007) . In particular, AGNs in this mass range may provide strong constraints on the mass accretion history of the Universe through the coupling of the central black hole and the host galaxy, as evidenced by the relationship between black hole mass and bulge luminosity (the M BH − L bulge relationship; e.g., Magorrian et al. 1998; Marconi & Hunt 2003; Bentz et al. 2009b ) and the relationship between black hole mass and bulge stellar velocity dispersion (the M BH − σ ⋆ relationship; Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002) .
With the goal of extending the range of masses probed by reverberation studies, we have carried out a 64-night spectroscopic monitoring campaign with the Lick Observatory 3-m Shane telescope, targeting AGNs having expected black hole masses in the range ∼ 10 6 -10 7 M ⊙ . We report here the Hβ light curves and reverberation analysis for the entire sample of 13 AGNs included in the Lick AGN Monitoring Project (LAMP). For those objects with significant correlations between the Hβ and continuum light curves, of which there were nine, we quantify the time lag between the variations in the light curves and present the derived black hole masses. We also investigate the time lag behavior as a function of velocity across the Hβ line profile for six of the AGNs. We have previously published the Hβ results for one of the objects, Arp 151 (Mrk 40; Bentz et al. 2008 , hereafter Paper I), and here we give an update to the results for Arp 151 based on slight modifications to the data processing, to be consistent with all the results presented here. The small changes to the measured time lag and derived black hole mass for Arp 151 are not significant.
OBSERVATIONS
Details of the target selection and the photometric monitoring campaign are presented by Walsh et al. (2009, hereafter Paper II) . In short, the sample of AGNs chosen for this study is listed in Table 1 and is comprised of 12 nearby (z < 0.05) AGNs with estimated black hole masses (based on single-epoch spectroscopy) in the range ∼ 10 6 -10 7 M ⊙ , expected Hβ lags between 5-20 days, and relatively strong broad-line components to their Hβ lines. Also included as a "control object" is NGC 5548, which has 14 years of previous reverberation-mapping data and a well-determined black hole mass of 6.54 Bentz et al. 2007 and references therein). Inclusion of NGC 5548 adds extra value to our sample by allowing a direct comparison of our results with those of previous reverberation mapping experiments.
2.1. Photometry Broad-band Johnson B and V monitoring of all 13 AGNs in the sample was carried out at four telescopes: the 30-inch robotic Katzman Automatic Imaging Telescope (KAIT), the 2-meter Multicolor Active Galactic Nuclei Monitoring telescope, the Palomar 60-inch telescope, and the 32-inch Tenagra II telescope. The details of the photometric monitoring are described in Paper II, but we include a summary here.
Each of the four telescopes was responsible for monitoring a subset of the sample. Twice-weekly observations of the targets began in early February 2008, but was increased to nightly monitoring beginning the evening of 2008 March 17 (UT, both here and throughout), about one week before the spectroscopic monitoring began on 2008 March 25. The photometric light curves mainly follow variations in the continuum flux, and the response of the broad emission lines is delayed relative to changes in the continuum. By starting the photometric monitoring early, we hoped to ensure that all events at the beginning of the spectroscopic light curves would have associated events in the photometric light curves.
The images were reduced following standard techniques. The fluxes of the AGNs were measured through circular apertures as described in Paper II and differential photometry was obtained relative to stars within the fields, which themselves were calibrated to Landolt (1992) standard stars. A simple model of the host galaxy surface brightness was subtracted from each of the AGN images to help compensate for the diluting contribution from host-galaxy starlight. The models did not include a bulge component due to the lack of spatial resolution in the ground-based images, and so represent a lower limit to the true host-galaxy contribution. As we are interested here in relative flux changes, the absolute scaling of the AGN flux in the photometry is not important for the results described in this work.
Flux uncertainties were determined through two methods and the larger uncertainty contribution was adopted for each datum. In general, the flux errors from photon statistics were not large enough to account for the overall behavior of the light curves, and instead the uncertainty determined from the average difference between closely spaced pairs of points in each light curve was adopted. The exceptions were generally nights with poor weather conditions, where the photoncounting statistics provided a larger flux uncertainty. The Band V -band light curves for each of the 13 AGNs are tabulated in Paper II.
Spectroscopy
Our spectroscopic campaign was carried out over 64 mostly contiguous nights at the Lick Observatory 3-m Shane tele-scope between 2008 March 25 and June 1. We used the Kast dual spectrograph but restricted our observations to the redside CCD 18 and employed the 600 lines mm −1 grating with spectral coverage over the range 4300-7100 Å, giving a nominal resolution of 2.35 Å pix −1 in the dispersion direction and 0.
′′ 78 pix −1 in the spatial direction. Spectra were obtained through a 4
′′ -wide slit at fixed position angles for each of the objects (as listed in Table 2 ). A fixed position angle for each individual object is important to mitigate any apparent variability due to different contributions of starlight from structures within the host galaxy. The position angles were set to match the average parallactic angle expected for each of the objects throughout the length of the spectroscopic campaign, in an attempt to lessen the effect of atmospheric dispersion (Filippenko 1982) . The number of nights on which spectra were obtained for each of the objects in our sample ranged from 43 to 51, with an average of 47, which is fairly typical given the historic data on spring observing conditions at Lick Observatory 19 . Exposure times, average airmass, and typical signal-tonoise ratio per pixel in the continuum are also listed in Table 2. The two-dimensional spectroscopic images were reduced with IRAF 20 and an extraction width of 13 pixels (9 pixels for MCG-06-30-15, to avoid a nearby star) was applied, resulting in spectra with a 10.
′′ 1 (7. ′′ 0) extraction. Sky regions were included on either side of the extracted regions, of width 6 pixels and beginning at a distance of 19 pixels to avoid the vast majority of contribution from the extended host galaxies. Flux calibrations were determined from nightly spectra of standard stars, which typically included Feige 34 and BD+284211.
To mitigate the effects of slit losses and variable seeing and transparency, a final, internal calibration of the spectra is required. We employed the spectral scaling algorithm of van Groningen & Wanders (1992) to scale the total flux of the narrow [O III] λλ 4959, 5007 doublet in each spectrum to match the [O III] flux in a reference spectrum created from the mean of the spectra obtained for each object. This method accounts for differences in the overall flux scale, as well as small wavelength shifts and small differences in spectral resolution due to variable seeing, and has been shown to result in spectrophotometric accuracies of ∼ 2% (Peterson et al. 1998a And for NGC 6814, the continuum window to the blue of Hβ had to be placed to the blue of the He II λ4686 line as well to avoid contamination from that emission line. Table 4 gives the continuum windows and line integration limits for each object as well as the mean and standard deviation of the Hβ flux. We also list the mean continuum level as the flux density at 5100 × (1 + z) Å. The Hβ light curves for each of the objects are tabulated in Tables 5-7 and presented in Figures 1-4 along with the B-and V -band light curves.
Statistical properties of the Hβ light curves are listed in Table 8 along with the properties of the B-and V -band light curves for comparison. Column (1) lists the object, column (2) gives the measured feature, and column (3) lists the number of measurements in each light curve. For our analysis, we binned all photometric measurements within 0.1 days. Columns (4) and (5) are the sampling intervals between data points, measured as the mean and median, respectively. Column (6) gives the mean fractional error, which is based on the comparison of observations that are closely spaced in time. Occasionally, spectra were obtained under poor weather conditions and, in those cases, the uncertainties on the Hβ fluxes are given by photon counting statistics instead. The "excess variance" in column (7) is computed as
where σ 2 is the variance of the fluxes, δ 2 is their mean-square uncertainty, and f is the mean of the observed fluxes. Finally, column (8) is the ratio of the maximum to the minimum flux (R max ) for each light curve.
3. ANALYSIS 3.1. Time-Series Analysis For the time-series analysis, we consider both the B-and V -band photometric light curves as the driving, continuum light curve. In general, they have similar sampling over the length of observations. The variability in the B band tends to be somewhat more pronounced than in the V band, most likely due to a smaller component of host-galaxy starlight dilution, and is easily seen by comparing the values of F var and R max for the B-and V -band observations of each object as listed in Table 8 . As shown in Paper II, we find no evidence for a time lag between the variations in the B and V bands.
To determine the average time lag between variations in the continuum and variations in the Hβ emission-line flux, we follow the standard practice of cross-correlating the light curves. Specifically, we employ the interpolation cross-correlation function method (Gaskell & Sparke 1986; Gaskell & Peterson 1987 ) with the modifications described by White & Peterson (1994) . The method measures the crosscorrelation function between two light curves twice, first by interpolating between the continuum points, and second by interpolating between the emission-line points. The average of the two results is the final cross-correlation function (CCF). Following Peterson et al. (2004) , each CCF is characterized by the maximum cross-correlation coefficient (r max ), the time delay corresponding to the location of r max (τ peak ), and the centroid of the points about the peak (τ cent ) above some threshold value, typically 0.8r max .
Figures 1-4 show the CCFs for the 13 AGNs in our sample. As mentioned above, we cross-correlated the Hβ flux with both the B-and V -band light curves, and we show the results of both for comparison. We also show the auto-correlation functions for the photometric light curves, which, as expected, peak at a time lag of zero days. Four of the objects do not appear to show a significant lag signal in their CCFs. IC 4218 has a broad, flat-topped (Hβ vs. B) or double-horned (Hβ vs. V ) CCF structure centered around zero lag. MCG-06-30-15 shows a noisy CCF profile that appears to be consistent with zero at all lag times. Mrk 290 has a very slowly rising and flat-topped CCF profile at positive lag times. Inspection of the Hβ variations in this object does not seem to show an echo of the photometric variations, and there is no Hβ signal in the variable spectrum of Mrk 290. And IC 1198 shows a CCF profile that is rather noisy and centered about zero at all lag times, with the largest peak occurring at a lag of ∼ −22 days. There does not appear to be any signal from Hβ in the variable spectrum of this object either.
While it is quite simple to determine the lag time between two time series by measuring either τ peak or τ cent , it is more difficult to quantify the uncertainty in the measured lag time. The standard procedure is to employ the Monte Carlo "flux randomization/random subset sampling" method described by Peterson et al. (1998b Peterson et al. ( , 2004 . The method takes N random and independent samplings from the N points available in the light curves, regardless whether a datum has been sampled already. The uncertainty for a point that is sampled 1 ≤ n ≤ N times is reduced by a factor of n 1/2 , and in general the fraction of points that are not selected in any particular realization is ∼ 1/e. This "random subset sampling" helps to quantify the amount of uncertainty in the lag time that arises based on the contribution from individual points in the light curve. The flux values in this randomly sampled subset are then randomly altered by a Gaussian deviation of the flux uncertainty. This "flux randomization" accounts for the uncertainty in the measured flux values. The CCF is calculated for the sampled and modified light curves, and r max , τ cent , and τ peak are measured and recorded. The process is repeated for 1000 realizations, and distributions of correlation measurements are built up. The means of the cross-correlation centroid distribution and the cross-correlation peak distribution are taken to be τ cent and τ peak , respectively. The uncertainties on τ cent and τ peak are set such that 15.87% of the realizations fall above and 15.87% fall below the range of uncertainties, corresponding to ±1σ for a Gaussian distribution. Table 9 lists the measured lag times and uncertainties for the nine objects with significant Hβ lag signatures in their CCFs. Also listed are the lag times and uncertainties after correction for the time-dilation factor of 1 + z. Figure 5 shows the mean and root-mean-square (rms) spectra in the region around Hβ for the nine objects with significant Hβ lags. For comparison, we include in Figure 6 the mean spectra of the four objects with weak variability. The rms spectra in Figure 5 show the standard deviation of all the individual spectra relative to the mean spectrum for an object, and are thus useful for visualizing and quantifying the variable components of the spectra. We also show the narrowline subtracted mean and rms spectra in Figure 5 The width of the broad Hβ emission line was measured in the narrow-line subtracted mean and rms spectra for each of the objects and is reported as two separate measures: the fullwidth at half-maximum flux (FWHM) and the line dispersion, σ line , which is the second moment of the emission-line profile . The uncertainties in the line widths are set using a Monte Carlo random subset sampling method. In this case, from a set of N spectra, a random subset of N spectra is selected without regard to whether a spectrum has previously been chosen and a mean and rms spectrum are created from the chosen subset. The FWHM and σ line are measured and recorded, and distributions of line-width measurements are built up over 1000 realizations. The mean and standard deviation of each distribution are taken to be the line width and uncertainty, respectively.
Line-Width Measurement
In a slight departure from the methods of Peterson et al. (2004) , we also attempt to quantify the uncertainty from the exact placement of the continuum. For each object, we define a maximum continuum window (typically 50 Å wide) on either side of the Hβ + [O III] complex. For each realization, a subset of the continuum window on each side of at least 7 pixels (12 Å) is randomly selected, from which the local linear continuum is fit. In general we find that this additional step does not affect the uncertainties of the line widths measured in the rms spectra, but slightly increases the errors from measurements made using the mean spectra. This is not particularly surprising, as the mean spectra have much higher signalto-noise ratios (S/N), so the exact placement of the continuum window defines the specific low-level emission and absorption features from the host-galaxy stellar population that will be included while fitting the continuum. These same lowlevel features are not detected in an rms spectrum, and the errors are instead dominated by the specifics of which spectra are included.
Finally, we correct the measured line widths for the dispersion of the spectrograph following Peterson et al. (2004) . The observed line width, ∆λ obs , can be described as a combination of the intrinsic line width, ∆λ true , and the spectrograph resolution, ∆λ res , such that 
We take our measurements of the FWHM of [O III] λ5007 as ∆λ obs . Given our slit width of 4 ′′ and typical seeing of 2 ′′ throughout the campaign, the target AGNs do not fill the entire width of the slit and so we do not measure the resolution from sky lines or arc lamps. Instead, we assume that the high-resolution measurements of the widths of [O III] λ5007 for several of the AGNs from Whittle (1992) are ∆λ true (listed here in Table 11 after transformation to our adopted units and the observed frame of the galaxy). 21 We are then able to deduce ∆λ res , the FWHM resolution of the spectra (also listed in Table 11 ), with which we are able to correct the measurements of the width of the broad Hβ line. For those objects 21 The spectroscopic apertures employed in the observations quoted by Whittle (1992) where measurements are not available from Whittle, we assume a FWHM resolution of 12.5 Å, which is within the range of measured spectral dispersions tabulated in Table 11 , but slightly less than the median of 13.0 Å in an attempt to not overcorrect the velocity widths in objects where we do not have a measurement of the intrinsic width of the narrow lines. The slight spread in measured dispersions is a combination of factors including seeing, guiding, and the angular size of the narrow-line region in each object.
We list the rest-frame, resolution-corrected broad Hβ line width measurements in Table 12 , from the mean and the rms spectra of each of the nine objects with significant Hβ lag signatures. The average ratio of Hβ line widths measured in the mean spectra to those in the rms spectra is 1.4 ± 0.3 for σ line and 1.3 ± 0.7 (1.2 ± 0.2 excluding NGC 4748) for FWHM. The average ratio of FWHM/σ line is 1.89 ± 0.07 in the mean spectra and 2.0 ± 1.1 (2.1 ± 0.5 excluding NGC 4748) in the rms spectra. This is consistent with the findings of Collin et al. (2006) that AGNs with narrow broad-line components (i.e., σ line < 2000 km s −1 ) have ratios of FWMH/σ line that are less than the expected value for a Gaussian line profile of 2.35. It is also worth noting that NGC 5548, which currently has very broad Hβ line widths (σ line > 2000 km s −1 ) has ratios of FWMH/σ line > 2.35 in both the mean and rms spectra.
Black Hole Mass
Determination of black hole masses from reverberation mapping rests upon the assumption that the gravity of the central, supermassive black hole dominates the motions of the gas in the BLR. The existence of a "virial" relationship between time lag and line width, v ∝ τ −0.5 , has been clearly shown in NGC 5548 , and has been in seen in numerous other objects (Peterson et al. 2000; Onken & Peterson 2002; Kollatschny 2003) , upholding this basic assumption.
The black hole mass is determined via the virial equation
where τ is the mean time delay for the region of interest (here, the Hβ-emitting region), v is the velocity of gas in that region, c is the speed of light, G is the gravitational constant, and f is a scaling factor of order unity that depends on the detailed geometry and kinematics of the line-emitting region. Peterson et al. (2004) demonstrate that the combination of τ cent and σ line,rms provides the most robust measurement of the black hole mass. By comparing the resultant masses derived from several emission lines and independent datasets for the same objects, the combination of τ cent and σ line,rms results in the least amount of scatter in the resultant masses of all the combinations possible between the various line width and lag time measures. For the derived black hole masses presented here, we will therefore adopt the combination of τ cent and σ line,rms .
The absolute scaling of reverberation masses, the f factor in Equation 3, is currently unknown. Rather than assuming a specific value of f (e.g., Netzer 1990), and therefore assuming specific physical details of the BLR, we instead adopt the scaling factor determined by Onken et al. (2004) of f ≈ 5.5. This is the average value required to bring the M BH − σ ⋆ relationship for reverberation-mapped AGNs into agreement with the M BH − σ ⋆ relationship determined for lo- cal, quiescent galaxies with dynamical mass measurements. Table 13 lists the black hole masses for the nine objects presented in this work with Hβ reverberation signals. We list both the "virial product," which assumes that f = 1, as well as the adopted black hole mass using the Onken et al. (2004) scaling factor. Figure 7 shows the range of black hole masses currently probed by reverberation mapping. The new masses determined here (solid histogram, not including NGC 5548) lie primarily in the range 10 6 -10 7 M ⊙ , in agreement with the expectations from single-epoch estimates, and extending the range of black hole mass coverage by a factor of ∼ 10.
3.4. NGC 5548: The Control Object NGC 5548 has by far the most independent reverberationmapping datasets of any individual AGN. As a result, there is known to exist a "virial" relationship between the broadline width and the lag time, which strongly suggests that the motions of the gas in the BLR is dominated by a central supermassive object . Figure 8 shows this relationship for all of the independent Hβ reverberation results for NGC 5548, as well as the relationship for all broad emission lines, including C IV, C III], and Hα. The open circles are the results from previous reverberation mapping campaigns, and the filled circle shows the measurements of τ cent and σ line for Hβ presented here. The Hβ time lag presented here is the shortest Hβ lag measured for NGC 5548, and is one of the shortest lags measured for any emission line in NGC 5548. NGC 5548 has been in a very low luminosity state for the past several years (see Bentz et al. 2007 ), and its current luminosity 22 of λL λ (5100) = 8.7 × 10 42 erg s −1 is only ∼ 20% brighter than its lowest observed luminosity state in Spring 2005. The low luminosity of the AGN has resulted in a very broad, low-level, double-peaked Hβ emission-line profile in NGC 5548, which does increase the difficulty of accurately measuring the line width. Despite this, the combination of lag time and line width measured here falls where it is expected in Figure 8 .
Additionally, we can compare the individual virial products for NGC 5548 as determined from each Hβ reverberation dataset. Figure 9 shows the virial product as a function of AGN luminosity, with open circles representing the virial product based on σ line as measured in the mean spectrum, and filled circles with σ line from the rms spectrum. While similar to Figure 7 of Bentz et al. (2007) , the luminosities have been updated with the new host-galaxy corrections of Bentz et al. (2009a) . The point denoted as "Year 12" is the monitoring dataset from the year 2000 and is known to be very poorly sampled and to yield ambiguous results when the Hβ light curve is cross-correlated with the continuum light curve . The virial products from the time lag and line widths presented here are consistent with previous results within the observed scatter. There does not seem to be any significant trend over ∼ 0.6 dex in AGN luminosity, meaning that the resultant virial product is not dependent on the luminosity state of the AGN.
The agreement between the results for NGC 5548 presented here and the results from the previous 14 independent reverberation mapping experiments for this same object shows that reverberation mapping is both repeatable and reliable. This agreement also shows that there are no systematic biases in the LAMP analysis that would otherwise be absent from similar high-quality reverberation mapping experiments.
VELOCITY-RESOLVED TIME LAGS
Up to this point, the discussion of the reverberation response for the objects in the LAMP sample has centered around the average time lag for the broad emission variability, which is related to the average size of the Hβ-emitting BLR. However, the average time lag is simply the first moment of the so-called "transfer function," which describes the detailed line response as a function of time and velocity (see Peterson 2001 for a full review).
To illustrate a sample of possible expected transfer function behaviors, Figure 10 shows model transfer functions for three different kinematic states of the BLR: (a) circular Keplerian orbits, (b) gravitational free-falling inflow, and (c) a constantly accelerated outflow. The BLR geometry and radiation parameters are the same for each model: the emission is restricted to a biconical structure with a semi-opening angle of 30
• and an inclination of 20 • , such that the observer is inside the beam. The line emission is enhanced for clouds at smaller radii, and is partially anisotropic with enhanced radiation in the direction of the source. Each resulting model is a physically motivated and relatively plausible, although likely simplified, model of an AGN BLR (for additional models, see e.g., Welsh & Horne 1991; Horne et al. 2004) . While the details of the transfer function and emission line profile depend on the exact geometry and line emission mechanics in the model, the overall behavior for each kinematic state does not really change: BLR clouds with circular orbits produce a symmetric response around zero velocity, while inflow produces longer lag times in the blueshifted emission and outflow produces the opposite, or longer lags in the redshifted emission. Therefore, recovery of the transfer function can be an extremely powerful tool for discriminating between plausible models for the BLR and is, in fact, the immediate goal of reverberation mapping experiments.
However, achieving this goal is technically and observationally challenging. Several techniques have been developed in an attempt to grapple with the technical difficulties, including the Maximum Entropy Method (MEM; Horne 1994), subtractively optimized local averages (Pijpers & Wanders 1994) , and regularized linear inversion (Krolik & Done 1995) . Reverberation datasets are limited in sampling duration and generally irregularly sampled, which, coupled with flux uncertainties that are usually only a factor of a few smaller than the flux variability amplitude, has placed severe limitations on past attempts at transfer function recovery. A partially recovered transfer function for the C IV-He II region a c b FIG. 10. -Model transfer functions for broad-line regions with simple kinematics of (a) circular Keplerian orbits, (b) gravitational free-fall inflow, and (c) outflow with a constant acceleration (i.e., a Hubble or ballistic outflow). The gray-scale images show the full two-dimensional structure, while the vertical red error bars show the weighted mean and standard deviation of the time lag within discrete velocity bins that are represented by the horizontal red error bars. For each of the three kinematic examples, the bottom panel shows the expected line profile (i.e., the two-dimensional structure integrated over all lag times). For each of the models, the line emission is restricted to a bicone with a semi-opening angle of 30 • and the model is inclined at 20 • so that the observer is inside the beam. The radiation structure within the BLR clouds is set so that the emission is enhanced for clouds at smaller radii, and the line emission is partially anisotropic, such that the emission is enhanced in the direction of the illuminating source. The overall behavior of the red points is different for each of the three models: a symmetric structure around zero velocity for circular Keplerian orbits, longer lags in the blueshifted emission for infall, and longer lags in the redshifted emission for outflow.
of NGC 4151 was hampered by extremely strong absorption in the C IV line core, but perhaps shows some evidence for radial infall (Ulrich & Horne 1996) . Kollatschny (2003) explored the behavior of several optical emission lines in the spectrum of Mrk 110 and found possible indications for radial outflow. Unfortunately, these and the few other published attempts in the past have yielded notoriously ambiguous results, a fact which is best illustrated by the analyses of the HST C IV dataset for NGC 5548 by several independent groups. Each of the studies concluded by favoring a different and conflicting model of the C IV emitting gas in the BLR of NGC 5548: no radial motion (Wanders et al. 1995) , some radial infall (Done & Krolik 1996) , and radial outflow (Chiang & Murray 1996; Bottorff et al. 1997) , and all of these conclusions were based on analysis of the same data.
Failure to achieve the goal of recovering a full, unambiguous transfer function has led to more stringent observational requirements for reverberation mapping experiments, including higher and more regular sampling rates, longer sampling durations, and higher spectral resolution and S/N requirements for each of the individual spectra (e.g., Horne et al. 2004 ). All of these requirements were carefully considered while planning the LAMP observations, although past difficulties and the relatively low luminosities of the target AGNs did not immediately promote transfer function recovery as a main goal of this project. Because a full analysis of the reverberation data presented here using the MEM or other techniques is beyond the scope of this paper, we instead investigated whether there appeared to be any strong signals of velocity-resolved time lag information in the LAMP datasets. For the six objects with the clearest average time lag signatures, we measured the average lag time as a function of velocity by creating light curves from the Hβ emission flux in several (typically four) equal variable-flux bins across the line profile. Each of these light curves was then cross-correlated with the B-band photometric light curve using the methods described in Section 3.1. We discuss the details for the six objects below. Table 9 . In the bottom panel, the horizontal error bar shows the FWHM velocity resolution determined in Section 3.2.
4.1. Individual Objects SBS 1116+583A -While the rms spectrum of this object is rather noisy, there is a clear signature of Hβ variability. The Hβ line was divided up into four velocity bins, two on the blueshifted side and two on the redshifted side, with each bin containing ∼ 1/4 the variable Hβ flux. Figure 11 shows the average lag time for each of these bins as a function of bin velocity relative to the line center. The lag times in the wings of the emission line are not consistent with the measured lag time in the line core, and the profile shows a distinct, symmetric pattern around the line center, as would be expected from a simple model of BLR gas in circular orbits.
Arp 151 -A similar analysis for Arp 151 was published in Paper I, and here we have updated the analysis to include the slight changes in the data processing. The result is that Figure 12 is not significantly different from Figure 4 of Paper I, and the lag time as a function of velocity in the BLR of Arp 151 shows a significantly asymmetric profile, with longer lags in the blueshifted gas, and shorter lags in the redshifted gas. This pattern is consistent with the expectations from a simple gravitational infall model.
Mrk 1310 -In the case of Mrk 1310, Figure 13 is rather ambiguous. There is a hint of slightly longer lag times in the line core; however, all of the lags measured in the four velocity bins are consistent with a single value, within the errors. This particular structure is likely consistent with circularly orbiting gas, as there does not seem to be any evidence for a strong redward or blueward asymmetry that would imply radial motion. NGC 4748 -Examination of Figure 14 shows that there could be evidence for an outflow in the BLR of NGC 4748. The extremely broad shape of the cross-correlation functions for the Hβ flux in this object (see Figure 1 ) combined with the relatively low-level flux variations results in rather large uncertainties for the measured lag times in this object. Each of the four velocity bins has a lag time that is consistent within ∼ 1.5σ of the lag times measured for the other bins, and so the significance of the velocity-resolved structure for NGC 4748 is not clear. average lag time for each bin is shown in Figure 15 , where there does not seem to be an ordered behavior. In this object as well, each of the measured lag times is generally consistent with the others within the errors, rendering interpretation as somewhat ambiguous.
NGC 6814 -The lag structure for NGC 6814 as a function of velocity is shown in Figure 16 , which again demonstrates that the lag time measured for each velocity bin is consistent with a constant value, although there is a slight preference for longer lag times in the line core than the wings. This behavior is most likely consistent with gas in circular orbits.
Discussion
Although several of the objects examined here and presented in Figures 11-16 show somewhat ambiguous or flat time lag behavior as a function of velocity, both SBS 1116 and Arp 151 seem to show clear, and yet completely different, behaviors. The Hβ response in SBS 1116 seems to be consistent with simple, circularly orbiting gas, while gravitational infall seems to be the simplest picture for the Hβ response in Arp 151. The different behaviors of lag time as a function of velocity for these two objects may be a clue that BLR structure is very diverse from one object to another, even possibly an evolutionary effect. As such, SBS 1116 and Arp 151 are two excellent targets for further and more detailed analysis using the MEM or other techniques listed above.
While we plan to pursue recovery of full transfer functions for SBS 1116 and Arp 151, we also plan to further examine the situation for the other objects in our sample and determine whether the perceived ambiguity in the velocity-resolved behavior is real or merely a product of the simple analysis employed here. Inspection of the mean time lags in Figure 10a shows that the longer lags in the emission-line core differ from the shorter lags in the wings by only ∼1-2σ. The addition of typical observational noise to this model could conceivably alter the simplified behavior in Figure 10a so that the red crosses are all consistent with a single value, exactly as is seen for several of the objects here such as Mrk 1310 and NGC 6814.
Recovery of a velocity-resolved transfer function for any of these objects could place stringent limits on the f factor in the determination of the black hole mass for that particular object.
There is no reason to expect that the f value is the same from object to object, and differing f values in individual objects may be the main source of scatter in the AGN M BH − σ ⋆ relationship (e.g., Collin et al. 2006 ). The f of 5.5 employed in Section 3.3 is empirically determined and does not assume any specific details of the BLR geometry or kinematics, other than the dominance of the black hole's gravity. As this population average value has been shown to remove any bias in the sample of reverberation masses when compared to dynamical masses in quiescent galaxies, it is still appropriate to use at this time, even though an individual object's f factor may differ. We hope that further analysis of the velocity-resolved information in the LAMP objects may begin to set constraints on the f factor for individual objects.
SUMMARY
We have presented the Hβ emission-line light curves and reverberation analysis for the 13 AGNs included in the LAMP sample. We measure Hβ time lags relative to variations in the continuum flux, which are related to the average sizes of the Hβ BLRs, and we derive black hole masses for the nine objects which display significant time lag signatures. In addition, we also explore the velocity-resolved time lag behavior in 6 objects and find that the BLR in SBS 1116 seems to be consistent with a simple model of BLR gas in circular orbits, while the BLR in Arp 151 seems to be consistent with gravitationally infalling gas. More work is necessary to determine what constraints may be set on the physical parameters of the BLR in these two objects, as well as whether any constraints may be set for other objects in the sample, although it seems clear that BLR parameters may be very diverse among Type 1 AGNs.
Strong reverberation signals are also seen in other broad emission lines for the objects in this sample, including Hα, Hγ and He II, and future work will focus on the reverberation signals in these emission lines. We have a Hubble Space Telescope Cycle 17 program (GO-11662, PI: Bentz) to image the host galaxies of the AGNs in the LAMP sample, which will allow correction for the host-galaxy starlight contribution to the continuum luminosity for each object, and will allow us to extend the low-luminosity end of the Hβ R BLR -L relationship, as well as the AGN M BH − L bulge relationship. We also have new measurements of the bulge stellar velocity dispersion for most of the objects in this sample, which will allow us to extend the AGN M BH − σ ⋆ relationship and explore any updates to the population average f value in the black hole mass determinations. Finally, near-infrared photometric monitoring data for a subset of the objects in this sample will allow determination of the reverberation response of the dust torus in those objects (e.g., Minezaki et al. 2004; Suganuma et al. 2004 ).
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